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Evaluation of Biodegradation Potential of Bisphenol A and Bisphenol F in Seawater 
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Abstract 
To evaluate the biodegradation potential of bisphenol A (BPA) and bisphenol F (BPF) in 
the seawater environment, biodegradation tests of these compounds were performed using 
seawater microbes obtained from various parts of Japan. BPA was biodegraded in 7 out of 
11 seawater samples, and BPF was biodegraded in 4 out of 5 seawater samples, suggesting 
that biodegradation potentials of BPA and BPF distribute widely in the seawater 
environment. Multiple metabolite·s appeared during the biodegradation of BPA and BPF, 
and some of them seemed to be different from those detected in the biodegradation by 
previously reported BPA- and BPF-degrading bacteria. Thus, biodegradation pathways of 
BPA and BPF by seawater microbes may include novel ones that are distinct from already-
known pathways. Although 30 bacterial strains were isolated from enrichment cultures 
constructed from seawater samples with BPA biodegradation potential, none exhibited 
BPA-degrading ability. Similarly, only 2 of 19 strains isolated from enrichment cultures 
from seawater samples with BPF biodegradation potential showed BPF-degrading ability. 
Thus, most of BPA- and BPF-degrading microbes in seawater may require certain nutrients 
or symbiotic relationship with other microbes for their growth on BPA and BPF, respectively. 
However, 2 BPF-degrading isolates included both gram-positive and gram-negative 
bacteria, suggesting the presence of taxonomically-diverse BPF-degrading bacteria in the 
seawater environment. 
Key words: biodegradation, bisphenol A, bisphenol F, seawater 
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~'A7.:r./-JvA(BPA) Ii, *"J7J-*,;r..-1-.HI§'~ 
.:x:.*,=r~.HI§'(7)rntJjS}, ffi~(7)7 ':J 7J-:::I-7'" 1 ;"-7·:~fj~ 
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?3-iW:a:- J:jl'L' t L.t.:5I::!IW~IW7'o -t A ~:{t(ff: L. '"(ijc i 70J iJ~, 
.:. n; O)pg, rJ'it5l::!IW~: J: 70J 5I::?3-iWlj:, BP~ O)*~:l:JtJ:jlI: 
i:Ht 7oJ~JJJ~:~*~~tIl:a:-1iH;rT i 0) t ~ it; n70J 0 * 
~:l:JtO)A·~ r::I t ~ 7oJiiiJJII~Jj*~:j3lt 70J BPs O)5I::?3-iWl: 
01t~,"(1j:, BPA:a:-J:jl'L,t L.'"(, tH~fcO)*IH5·iJ~i.f;;,~9-15\·-f 
O)~JJJ Ij:i.f;;, 70J ~JEJ3(OO ; iJ>~: ~ -? '"( ~ '"(It~ 70J 0 -jj, .~ 
1W~~ltIlIl:t·i.f;;, ~, aUJ t i It~it 70J m;l:~:u:j3lt 7oJ5I::?3-iW 
I: -:) It~ '"( Ij:, BPA~: 01t~ '"(i *IH:!ff9JJiJ~Y~ It >12. 16-1S) 0 it.:, 
Ymg t Kookanal6\ Sakai;17) j3 J: rfDanzl;IS)O):jiJf~"t'Ij:, 
M-~~{!j:-n:j3It>'"(m*J:jlO)mt5l::!IW~: i 70J BPA?3-iWiJ~5I:: 
. t 70J .:. t iJ~ff-~ ~ n '"( It~ 70J iJ~, Kang t Kondol2) Ij:, m* 
J:jl ~:j3lt 70J BPA?3-iWiJ~mt5l::!IW~: J: 70J iK~IW~?3-iW1:'lj: ~ 
<, 71~~~: J: ~ 51:: tt.:tlS'Ii~~~~: J: 7oJ1t~lW?3-iW1:' 
i.f;;,7oJ PJn~'Ii:a:-m1ilij L. '"(j3 ~ , ~miJ~-¥t L. '"(1t>~It~o BPA 
J~Urj.O) BPs ~: 01t> '"( Ij:, fit 4 iJ~*~~ 0) m*:a:- Jfjlt~ '"( 
BPA, BPF j3 J: rf 1::: A 7.:L. ./ - )v S O)5I::?3-iW'li :a:- ~ftIIi L. 
~0)~~-0).&1:'i.f;;,~w,m~~:l:JtJ:jl~j3~7oJ5I::?3-iW 
~JJJ I: m1 T 70J %1 Je. iJ~~i!i t·1-' ; n'"( It > ~ It) 0) iJ~~;jX 1:' i.f;;, 70J 0 
.:. n; 0)':' t iJ>;, mr~~:I:Jt~:j3lt 70J BPs O)5I::?3-iW~JJJ 
I: -:)It~ '"(J!~ 7oJ~MiJ~£'~I:i.f;;, 70J t It> it 70J 0 
*:jiJf~1:'Ij:, BPAj3 J: rfBPF :a:-M~!lWj(~:jR~ L., m 
7j(J:jl ~: j3lt 70J .:. n; BPs O)5I::?3-iW;f--r ;,; ~ "" )v:a:-OO ; iJ> 
~:T 70J ;: t :a:- § IW t L. ,"(, B **:1:& J: ~ ~mt L.t.:m7l<M 
JfSl-J:jl O)mt5l::!IW:a:- Jfjlt) t.:5I::?3-iWM~:a:-~:M!i L. t.: o BPF Ij:, 
BPA t ~1!;1,0)1t~m~:a:-:tr L. '"(1t~7oJ iJ~, -cO)mt5l::!IW?3-iW 
:) 'jJ,=:,;;( A iJ~BPAO)?3-iW:) 'jJ.=:.;;( A t Ij:~ < ~~ 7oJ;: t 
iJ~%l; n '"(It) 70J ;: t iJ>; 14.19\ M~!lWW t L. '"( jR~ L. t.: 0 
5I::?3-miJ~.Jil~~nt.:MJfSl-~:m1L.,"(Ij:, ?3-iWmO).fi·?3-
.:a:-Mh., -C0)!j!;f'1i~:01t~'"( ~~M L.t.:O 
BPA, 4-~ VO~~7-tr7.:L../;'; (4-HAP), ~ Vo 
~./;,; (HQ), x.;,; 'f~./;'; (BQ) j3 J: rf4- ~ r'O ~ ~ 
~,~,~~ (4-HBA) 1j:~~:$>"1t~, BPFj3J:rf4.4'-~ 
~ r·0~~X.;,;'f7.:L.j;'; (DHBP) Ij:JltJit1tnltI~, 4 
-~ r·o ~~X.;';;(7 )vT~ V (4-HBAL) 1j:~IJ:J'GMi~I 
~ J: ~ mA L. t.: 0 BPA t BPF 1j:5I::?3-MM~, -c 0) 1tH0) 1t 
~!lWWI;;l:~jf~1*7 07 r ~'7 71 - (HPLC) ?3-1JTI: J: 
70J J:jl/YHt~!lWO)1'fE~~:JfjIt> t.:o 
2. 2 {!ffl:hgt-l!! 
m*MJfSl-J:jlO)1iE~*~UBlmO)13tlRH:I;;l:, AIm* (7 
777 1) ;,; A (}\iffi~£~) 36.5 gil, 7777 1);';B ()\ 
iffi ~ £ ~) 25 roUl, NH4Cl 15.06 mgll, KH2P04 1.734 
mgll, pH 7.2-7.5) :a:- ffllt~ '"( wm ~ L. t.: 1110 CGyitg-:I:& 
(1110 CGY m7j(itg-;I'll1.) IS) :a:- ffllt) t.: 0 m* MJfSl- t- ffllt ~ t.: 5I::?3-
mM~, ?3-iWmO).fi· ?3-111lt j3 J: U'?tM~'IiO)~ftIIi~: 
Ij:, AIm7l<~:lf-Bt~ijt L. '"(BPAi.f;;,7oJ 1t~I;;l:BPF :a:-i~ 
:ho L.t.:itg-:I:& (,fn~'nBPAml./(itg-:I:&, BPFm*itg-:I:&) :a:-
. ffllt~t.:o Ijqiitg-:I:&~:Ij:, ~7(:a:-1.8% (wlv) t ~7oJ J:-? 
~: ~:ho L. t.: 0 
2. 3 ~*iit*:f 
*:jiJf~1:'I;;l:, Fig. 1 ~:7FT J: -? ~:l!lpgl17" m (${~~, 
JltJittlS, *I!~JII~, =:~~, Jitf~J1if, *~J1if, ~J!I[~ (2 
7" pm, ~JII!JIl., '8~ilf~, iljl*,~) O)~Jj~~?3- (l./(r*30-
50 cro~JEJ3() J: ~ ~mt L.t.:m*MJfSl-:a:-~Jfj L.t.:o MJfSl-~ 
mtlj:2008~ 7 Jj ---- 9 JH9Jll.H:~:M!i L.t.:o *MJfSl-I;;l:, ~r9G 
L. t.: 2l~;f-I) ~ti~:~mt L. t':1~, :7j(~T1:'~~§[ i 1:')1 
~ L., 5I::?3-MM.~~::-mT 70J i 1:' 4 °C 1:''f*ff: L.t.:o *MJfSl-
O)'t!;jX:a:-Table 1 ~::~mL.'"(1t~7oJo l./(i]L pHj3J:rfm~ 
1~$J3(I;;l:*W7'.:L. ':l 'jJ - U-lO (#ffi~~{'FPJT~), mff::tr 
Fig. 1 Location of seawater sampling stations. A, 
Amagasaki City, Hyogo; B, Suminoe Ward, 
Osaka; C, Minato Ward, Tokyo; D, Tokai Village, 
Ibaraki; E, Miura City, Kanagawa; F, Kyotango 
City, Kyoto; G, Ishigaki City, Okinawa; H, 
Shintomi Town, Miyazaki; I, Himeji City, Hyogo; 
J, Takamatsu City, Kagawa; K, Yokkaichi City, 
Mie. . 
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Table 1 Characteristics of seawater samples used in this study 
Sample Sampling place Sampling date 
A Arnagasaki City, Hyogo July 4,2008 
B Surninoe Ward, Osaka . July 4, 2008 
C Minato Ward, Tokyo July 21, 2008 
D Tokai Village, Ibaraki July 22, 2008 
E Miura City, Kanagawa July 23, 2008 
F Kyotango City, Kyoto July 26, 2008 
G Ishigaki City, Okinawa July 27, 2008 
H Shintorni Town, Miyazaki August 14, 2008 
I Hirneji City, Hyogo August 25, 2008 
J Takarnatsu City, Kagawa August 26, 2008 
K Yokkaichi City, Mie September 2, 2008 
~ttBt~ (DOC) 1;I:~~;fI'IiBt~7HJfl!tTOC-5000A (tJ; 
i$~1'Fm~) :a-mlt~"(iJU~ lJ.:o ~~~ (T-N) 1;1:, T 
7l<~~137*20) (:~ C "(iJU~ L t.:o #U:71<1f:! (7){iE~51Ht<,*IBIi 
~(7)l!tim:l;I: 1/10 CGY#U:7l<:!t:li!!.:a- mlt~, 28"C, 7 B rdJ 
(7):!t*r~(:::r 0 .::.-~:a-l!t~ Lt.:o 
2. 4 )1;*jit*~ t- Jf.I \, \ t.: ~ 1tM~U~ 
mlk ~;jSj.1f:! (7)1t:!E ~ :a- ffllt ~ t.: BPA j3 ~ (YBPF (7) :!E%M 
~~I;I:, IlUIl(7)137*lS)I:-$*IE:a:-:!m;tt.:, W-T(7)137* 
I: ~ ~~:01li L t.: o m71<~;jSj.:a-:fU~10 pm (7);( ;.- / v ;.- 7 
-( )v 7' - (Millipore~) 1:'ij~ \.... "( ~tME~ :a-I*"* L t.: f~, 
ij~500 ml:a- ~ I? (::fL~O. 2 pm (7);( ;.- / v ;.- 7 -( )v 7' -
(Millipore~) 1:'ij~ L "(~;jSj.1f:! (7)1t:!E ~ ~ 7 -( )v 7' - 1: 
(:~t@ \.... t.: o ~(7) 7 -( )v 7' - :a- 20 rng/l (7) BPA ib.Q It~ 1;1: 
BPF ~~tr50 ml(7) BPAm7l<:!t:li!!.ib.Q 1t~I;l:BPFm7l<:!t:li!!. 
1:J..tL, 1mifmt11&l'JI! (130W, 10%) (:~Q"(It:!E~:a­
%1I't~-\tt.:f~, ~:I:~70 ml~;f.~D~~'ifI:~ L, iii 
m, 28"C, 120 rpm -r-IID~~J&T.Q ~ C (: ~ ~ %M~~ 
:a-rrQ t.:o ~ t.:, 1t:!E~ :a-~:lJn L ~ It~::r ;.- r 0 - )v'* ~ 
1'F~ L, %M ~~ (: -m L t.: 0 Ymg c Kookana (7) liJf~16)-r-
1;1:, m7l<If:!I:j3 ft.Q BPA%MI:35 B fill (:bt~j";MfIll(7) '7 
:7'M-n~~g~ I?n "(1t>.Q-n~, *liJf~-r-I;I:#u:7l<It:!E~:a-101:g: 
iI*tii L"( ffllt>"(It>.Q t.:~, retttliJf~~ ~ ~ ~~-n'(:%M 
-n~~rrT .Q ~ (7) c .y:m ~ n.Q 0 of ~ 1:', :!E%M~~1;l:20 
BfIll-r-~:JiffiT.Q~ c c Lt.:o ~~MfIll*I;I:, g~f!9(:-lT 
;'-/1) ;'-:7":a-rrlt>,. HPLC (: ~.Q BPAib.Q 1t>I;l:BPF(7)il 
li:iJU ~j3 ~ (Y1tit~ (7) %*1f (: ~ L, 20 B rdJ (7) ~~M fill If:! 
(:~~~:!E%M-n~~ti(~nt.:~;jSj.-n~:!E%M*T;'-~"\' )v 
Conductivity DOC T-N Heterotrophic Temp bacteria (t) pH (mS/cm) (mg/l) (mg-N/l) (CFU/ml) 
24 7,8 27 3.8 2.0 3.9x 103 
24 7.8' 38 1.0 1.7 1.2 x 104 
24 7.3 28 4.3 2.6 1.3 x 103 
20 7.6 37 3.7 2.9 1.3 x 104 
22 7.9 40 5.0 1.3 3.9x 104 
23 7.8 52 4.8 0.7 LOx 103 
32 7.7 33 6.0 1.7 2.4 x 103 
28 9.1 17 1.1 2.3 1.1 x 104 
28 7.9 38 7.0 1.2 3.6 x 104 
27 8.1 58 4.9' 0.9 5.2x 104 
29 8.1 37 4.2 1.8 5.0X 105 
:a-~T.Q c *,J~ \....t.:o 
2. 5 1tMIiO).", 1t .. ~~tf~~":Ht 
:!E%M~~(:j3It~"( BPs (7):!E%M-nt~~i( ~ nt.:~;jSj.-n' 
I?, %MIi(7)~fft· %M:a-~.7}.t.:o BPAj3 ~ (YBPF-n~r¥4 
~ Lt.::!t*~(7)--'-$~$JTt.:~BPAm7l<:!t:li!!. (BPA: 20 mg/ 
l) j3~ (YBPFm7l<:!t:li!!. (BPF: 20 mg/l) I:ofn~n~ L, 
BPs -n~m~T.Q i -r-:!t* :a-rrQt.:f~, Ii'iJ*Jlp'x;(7)$JTt.:~:!t 
:li!!.1:*l;t~It>t-:o ~ (7)~1-t~1'F~ 1 - 31ID~ ~:1£ L, • 
ijf:!t*'*~fft~ \....t.:o i t.:, :~MI:!t*,*(7)-J}~I;I:, BPA 
ib.Q H;l:BPF :a-50 rng/l(7)illi:1:'~:lJn Lt.::!t:li!!.I: ~ *l;t~ 
It>t-:o f~1? nt.:~fft:!t*~:a- BPAm7l<SJl;fi:!t:li!!.ib.Q It> 1;1: 
BPF m71< SJl;fi:!t:li!!. (BPs: 20 rng/l ib .Q It> 1;1:50 mg/l) (: ~ 
~ L, 28"C -r-:!t* Lt.:o *:!t:li!!.(::!E1f L t.:::r 0'::' - (7) If:! 
-n'I?, M~j3 ~ lf~;ffi(7)~~.Q::r 0 .::.-~lllt1~ L, *'Il.1t 
Lt.:o 
%~Ii~(7)~*89~:!El'JI!!ff'Ii(7)~1iffiI;l:, Cowan c Steel 
(7)137*21) (:~ C "(-{k~5J1j v~)v-r-~:01li L t.:o 1~ I? nt.: 
*~*(:~0~, %~Ii~:a-~ v~)v-r-%~ Lt.:o 
it.:, %MLt.:*Ii~(7)BPA, BPF%M~:a-~ii(Lt.:o 
%~Ii~:a-iJUli: (OD600) -nt O.07-0.4c ~.Q ~ -? I:, 30 
ml~)'c17 Mm: (: %7:£ \.... t.: 15 ml (7) BPAm7l<:!t:li!!.ib.Q It> 
I;l:BPFm7l<:!t:li!!.I:*lftL, ~~,*:a-1'F~\....t.:o it.:, :t . 
- r :7 i..-- '/iltli \.... t.:Ii~t-%a: L t.:::r ;.- r 0 - )v,* ~ 
1'F~ L t.: o ~~,*j3 ~ (y::r ;.- r 0 - )v,* 1;1:, ofn-t"n 2 
1!!! 1:'1'F~ \...., 1ID~~J&:!t* (28"C, 120 rpm) I: ~~ % 
M~~:a-~:01li L t.: 0 ~~M fill If:! 1;1: , ~E -IT ;.- 7' 1) ;'-:7":a-
rrlt>, HPLC I: ~ .Q ~~BPs (7)ilIi:7J1U~I:~ L t.:o 
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2. 6 HPLC7Hfi 
HPLC7NJTI;1:Shimadzu LC-:-10Avp ~ ATA (~if~1'F 
PJT~) ~ ffllt ~ -c'fi' -? t.:. 0 'f1 7 A I: 1;1: Shimpack VP-ODS 'f1 
7 A (250 rom x 4.6 rom</>, ~ T~ 5 ,urn; ~if~1'FPJT 
~), m.i1lI:I;1:50%7-e r"::' r 1) }v~ffllt~,m..i1lO)VfE 
~1;1:1.0 rnl/7h:~;iE L..t.:.o ~1±l~1:I;1:UV/VIS~I±l~~ 
ffllt~, ~l±lrBt~I;1:280 run C L..t.:.o 
3. 1 BPA~-$tM*,T/~i"Jv 
P1tlllt L..t.:.~llfi~O)m7l<~J!SI.i:f:IO)~tElfW~*iMtijc ~ 
,,(BPAtE7tm~~~fi'It~, m7j(i:f:I 0) BPAtE7tM*'T :,; ~ 
"\' }v~~1ilIi L..t.:.o ::1:'; r 0 - }v*I:j3It~,,(I;1: BPA i1J3t 0) 
1f~~~j.'I;1:~g31') ~*v~i.P-? t.:.i,)t (7'- :7/f~&tt), tE7t 
M~~I:-m L..t.:.ll~J!SI.i:f:I 7 ~J!SI. (64%) 1:j3It~"'( BPAiI 
J3tO)~:Pi,)tM~~nt.:. (Fig. 2)0 Kang c Kondo1Z)I;1:m7l< 
i:f:I I: j3lt 1.> BPA7tMi,)t~!M~ f: J: -? "'( tEnltT 1.> m'ti~~ 
fll: J: 1.> 1t~B9.&r.t I: J: 1.> ~ 0) "C' a; 1.> c i'IE~ L.. "'( It~ 1.> i,)t, 
~~"C'I;1:.iWf:~J!SI.~ilI~ L.., ~~~O)Jtiji)'(®*~ ~ 
-!T1 ;(O)~ililfW'itI;1:~~ L.. "(j3 ~, i t.:., 7tM~~~~ 
:J'G~1lj:"C'~1ffii L.. "(It~ 1.> t.:.31'), ~~0)~-9-1;1:1!!HJi "C' ~ 1.> :: 
c i,)'~, 7 ~J!SI.f:j3lt 1.> BPA~j.'I;1:~J!SI.i:f:Io)BPA~"'19¥ii 
0)1'Ffflf:1t<ff:L..t.:.~0)"C'a;1.>It~;t1.>0 w,J::0):: ci,)'~, m 
r$~:Jti:f:ll: 1;1:(!;y 1.>f!J3tif~®f: BPAtE7tM*'r:'; ~ "\' }v 
i,)tff:tt L.. "(It~ 1.> :: c i,)~~ ~ i,)'I: ~ -? t.:.o 
~~J!SI.O) BPA tE7tM~~O) ~ * ~ Table 21: ~31! L.. "'( 
1t~1.>0 BPAO)tE7tMi,)~~~~nt.:. 7 ~J!SI.-Z-I;1:, 1!Jj~~7t 
Mi,)tM~~n1.> i -Z-I: 2 ~13B 1YJ0)7 :7"AAi,)~M~~n, ..:c-
0)~il2 ~ 6 B IYJ"C'BPAilJ3tI;1:~l±lr~.lH~ (0.40 mg/l) w, 
ri-Z-~:PL..t.:.o :;t-A r7 1)7' 77'v-Y~I¥~J: 
~ P1tlllt L.. t.:.m7l< ~ m It~"'( BPA O)tE7tWH: "?It~ "(~~ L.. t.:. 
Ymg C KookanaO)M~16)"C'I;1:, ~-lit~7tMlmtcai "C'1:35 
B 0)7 7·AAi,)~ff:tt L.., 90% w,J:: 0) 7tM 1:50 B w,J::~~ L.. 
t.:. c ¥IH1f~ n "'(1t~1.> 0 -13, *M~"C'tE7t19¥i,)~~~ ~ n 
t.:. 7 ~J!SI.f:j3It~,,(I;1:, :: nf:Jt~"'(~F-m-f:~~i,)'I: BPA 
7tmi,)~tE t t.:.i,)~, *M~-Z-I;1:m7l<~1ISti:f:l O)~tE!JW ~ 10ffl 
f:i1*fij L.. "'( tE7tM~~I:1tffl L..t.:. t.:. 31'), 7 7·AAi,)~§;[1J:l1YJ 
c ~-?t.:. c;lf;t~nt.:.o i t.:., *M~-z-mlt~t.:.AIm7l< 
1:I;1:BPA7tMlIO)i1!JJJt~BPA7tml:~,~~nlt7ti,)~+7t': 
*i n, 7 :7"AAj3 J: t!7tMAA O)§;[*fij 1:~-9- L..t.:.1lJ~~1i ~ 
a; 1.> 0 :: n ~ 0):: c ~ 1m i ;t 1.> c, Ymg c Kookana 0) ¥Ii 
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Fig. 2 Time courses of SPA biodegradation by seawater 
microbes in sample A (closed circle}j S (open 
triangle), C (closed diamond), 0 (open square), 
G (open circle), I (closed triangle) and K (open 
diamond). 
Table 2 Summary of SPA biodegradation tests using 
various seawater samples 
Sample Biodegradability' Lag. period Cd) Degradation periodb Cd) 
A ++ 2 2 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
+ 
+ 
+ 
+ 
++ 
+ 
13 
9 
10 
6 
6 
10 
4 
4 
4 
2 
6 
4 
• ++, BPA and their metabolites were disappeared within test period; 
+, BPA were disappeared, but metabolites remained; -, BPA were 
not degraded. 
b Period from initiation to completion of the primary degradation of 
BPA. 
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Fig. 3 Typical example of the change of HPLC 
chromatograms during BPA biodegradation by 
seawater microbes. Results of sample A 
collected from Amagasaki City, Hyogo are 
shown. 
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Fig, 4 Time courses of BPF biodegradation by seawater 
microbes in sample A (closed circle), G (open 
circle), I (closed triangle) and K (open diamond), 
Table 3 Summary of BPF biodegradation tests using 
various seawater samples 
Sample Biodegradability' Lag period Cd) Degradation periodb Cd) 
A ++ 4 4 
B 
G ++ 6 9 
++ 8 2 
K ++ 8 2 
• ++, BPF and their metabolites were disappeared within test period; 
- • BPF were not degraded. . 
b Period from initiation to completion of the primary degradation of 
BPA. 
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Fig. 5 Time courses of BPF biodegradation by strains AF20-5 (A) and AF20-6 (B) 
isolated from the enrichment culture constructed . from seawater sample A. 
Symbol: closed circle, strain AF20-5; closed diamond, strain AF20-6; open. 
triangle, sterile control. 
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